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Objective: To provide an early LSP overview
and a perspective on applications to
DOE missions
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Site Visits
ORNL June9
LANL June 22
PNNL July 24
LBNL July 25

“Plant Genomes for Energy Applications" Advisory
Board Meeting @ JGI June 21, 2006

POC Meeting @ ORNL July 5-6, 2006
LSP Overview and Critique
Advisory Board Review and Recommendations
Large Genome White Paper Reviews
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Goals

Goals and Components
of the LSP

Facilitate seque

science at the D|

National Labora

Develop cross-I
large-scale seqL
projects that ad\
missions

Develop avenue|

the service and
outputs of PGF |
needs of the Nat
Laboratories

components

® Small-scale Sequencing

— Single PI
— Supplemental
Contributions

® Large-scale Sequencing

— Multi-institutions

— Targeted Species
Selection
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Parther POC
High-Throughput User Facilities

« LANL Jim Brainard e
« LBNL Joe Gray -
e LLNL Elbert Branscomb
e ORNL Reinhold Mann

e PNNL Doug Ray

Collaborators
. NREL 6 =2
. ANL | _

e BNL Energy Efficiency and Renewable Energy




Small-scale Sequencing (S3)

Component

® Seqguencing projects include:
—shotgun sequencing of individual BACs
—microbial community metagenomes
—PCR-amplified genomic segments
—small-insert clone libraries & EST clone libraries

® A total of approximately 1 Gb annually will be
allocated among approximately 20 to 40
projects.
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Principal National Title Requested
Investigator Laboratory (Mb)
C. Anderson BNL Paired-End Sequencing Tags to ldentify p53 7.0

Binding and Methylated Loci in the Human
Genome after Low Dose Radiation

G. Anderson LBNL Microbial Ecology of New Orleans Floodwaters 10.4

V. Bailey PNNL Towards a census of the microbial populations 20.2
in Tallgrass Prairie soil

S. Baker PNNL Understanding Aspergillus terreus itaconic acid 11.3
production

C.f Han LANL Sequencing Transcriptomes of Acidothermus

cellulolyticus, Frankia sp. Strain EAN1pec,
Anaeromyxobacter dehalogenans 2CP-C and
Dehalococcoide sp. Strain BAV1

C. Kuske-1 LANL Genome sequencing of the five major C and Na- 16.0
fixing bacteria in biological soil crusts from arid
land soils
J. Magnussen PNNL Phylogeny of the Columbia River Microbiota 4.3
J. Pett-Ridge LLNL 9.7
L. Stubbs LLNL Sequencing ChlIP-enriched binding sequences 10.0

for uncharacterized primate transcription
factors




Small-scale Sequencing Projects

How to you submit a proposal?

Use the Community Sequencing Program web
application form.

http://www.jgi.doe.gov/programs/LSP/s3callforprops.ntml

When should you submit a proposal?

Whenever you have an idea ready to go.
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® An 18 member, multi-lab panel was convened
and 3 research-area recommendations were
made:

— radiation-induced cancers to identify genome regions that confer
individual susceptibility

— cells response to high vs. low doses

— sequencing genomic regions of known susceptibility genes
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Large-scale Sequencing

-’Glm Component -- Rationale
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Global Fossil Carbon Emissions
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DOE: Energy Information Administration
http://www.eia.doe.gov/

Solution — Biomass Feedstocks

® 10drytons/ acre/ year
® $0.73/ gallon of ethanol
® 20-30 million acres

http://www1l.eere.energy.gov/biomass/pdfs/final _billionton_vision_report2.pdf
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Large-scale Sequencing

Near-term deployment of

plant-based systems to

address issues related to
biofuels development &

atmospheric carbon

mitigation will require the

application of genome-based

science and tools.

Component -- Rationale

Hybrid Poplar
Willows
Black Locust

Hybrid Poplar Switchgrass
Reed Canarygrass
.#,_

Switchgrass
Hybrid Poplar
Tropical Grasses
Sweetgum
Sorghum

Black Locust
Eucalyptus

Soybeans
Eucalyptus Corn
Switchgrass
Hybrid Poplar
Silver Maple

Reed Canarygrass
Sorghum

Sequencing project will focus on 10-15 moderately-sized plant
genomes that have direct links to DOE missions and/or have a
phylogenetic position that make their genomes informative.
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“Fungal Genomes for Energy Applications" Advisory Board
Scott Baker, Lead, PNNL
Tom Brettin, Fred Brockman, Mike Himmel, Diego
Martinez, Mike Miller, Chris Schadt, Tamas Torok

White Papers

“Fungal Genome Sequencing for Bioenergy”

First Four Targets:

Cochilobolus heterstrophphus 35 Mb
Tremella mesenterica 20 Mb
Allomyces macrogynus 30 Mb

Theilevia terrestris 40 Mb
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GIC Large Genome Sequencing Efforts

“Plant Genomes for Energy Applications" Advisory Board

Joe Ecker

Jeff Dean

Dan Cullen

Bert Abbott
Steve DiFazio
Michael Freeling

White Papers

Salk Institute

University of Georgia
University of Wisconsin
Clemson University
West Virginia University
UC Berkeley

“Plant Genomes for Bioenergy”

Targets TBD



JGIS

DOE JOINT GENOME INSTITUTE
US DEPARTMENT OF ENERGY
OFFICE OF SCIENCE

Large-scale Sequencing Approach
Plant Genomes

Amborellales -------------- Ambaorella

- Mymphagales ---------——-—-- Nymphaga (water-lily)

Lauralgs --- - -- - ------------ Cinnamomum {cinnamen, camphor), fersea (avocads)
el Astmina (pavpaw), Magnalia (the “type genus’ of flowering plant:
I Pipera | bessecsesaoeone HpEﬂ' (t{ack FE'PFET:l

sunzdsoBuy

SI0DOUT

s103png

Canellales
Acorales
Allsratales
Asparagales ---------- Agave, Alllum{onion), Asparagus, Crocus (saffron), Yuoca

Liliales

'_liDlascoreales
Pandanales

POt e pa m:cum-'Hora‘e’um fwheat/barley)
—i Arecales - FPhoenlx [dat= palm), Elaets {oll palm|

{ Commelinales

Zingiberales -----—-—- inglber (ginger)
Ranunculales ----- Fipd@eerTRoRpy)

S100Ipne 2107

Proteales -------- Macodamia Flatanus (plans tress)

Caryophyllales ---- Amaranthus (grain amaranth), Beta (best). Fagopyrum
Santalales {buckwheat), Opuntia {cactus), Rheum [rhubarbi
Saxifragales
Garanlales
————— Malpighlales rul:\berjl
————————— Cnalidales
L Fabales ——---- Lntus,Medng,Arnth[s
g 4'_?9&55[&5 -—-=-—- Cannabis (hemp), Ficus (g), Fragaria (strawbsmy),
& —— Cucurbitales  Hum o). Malus (apple), Marus [mulherr?-_].
m Fagales cherr_\.-. peach, plum.), Rubus (brambls fruits)
Myrtales ----- Cuphea [c.lla‘lum (guava)
[ Erassicales-—- Arabldopsls, Brassica, Capsella, Carcla
| ——Mabvales --—é‘l on)
—— Sapindales
Comales ---—-- Cornus({dogwood), Hydrangea
| Ericales ------ Actinldia (kwlj. Berthelletia (Braz L nut),
u::- Garryales Camellla (tea), Dicspyros (persimman]
i —— Gentlanales
= —— Lamilales —-—— - Mimulus, Triphysaria
—— Solanales .- —— - Lycopersicon, Solanum ®
Aquifaliales
Apiales —--—-- Daucus (carrot), Panax (ginsang)
Asterales - -—-- Hellanthus (sunflower), Lactueca {lettuca)
Dipsacales

Andrew Paterson (2006) Nature Reviews Genetics

Proposed Criteria

DOE Relevance
Informative position

Small - moderate sized
genome

An active user community
*Nat. Lab.
®*Academic
®International

Genetic & genomics
resources

Q-- proposed

-- current activity



Populus as an
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-’Glm Large-scale Sequencing Example

® Populus trichocarpa
® ‘Nisqually-1’
® Female
® Located in 1995
® Nisqually river in Washington

® Shot-gun cloning and sequencing
using 3 alternate insert libraries

® 2.5-3.0kb
® 6.5-8.0 kb
® 36 kb

® 7.2 million sequence reads

® -~-4.2 billion high-quality bases

® 7.5X coverage of 480+10 Mb genome
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Assembly Statistics

Total number of scaffolds: 2447
Total length of scaffolds: 429 Mb
N50 scaffold number: 58

N50 scaffolds size: 1.9 Mb

Total number of contigs: 15154
Total length of contigs: 334 Mb
N50 contig number: 690

N50 contig size: 127 kb

Populus as an
Large-scale Sequencing Example

H : Promoted |«
) Gene Predictor Models ﬁ ;)Jé
| Total | 45555 -
| Gene length, bp H 2300
Exons, per gene N 4.3 Em’ /I]u
‘| Exon length, bp ﬂ 254
| Intron length, bp 379 N
:i Transcript length, bp 1079 [
~| CDS length, bp | 087 ﬂ:i: ésm
\| UTR length, bp 92 i LS
Protein length, AA 329 E‘*" N
\ Models with NR hits | ‘(‘gg:/‘s xg;:g‘
Models with EST 10092
support, % (22%)
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Global
Climate
Change

Bloenergy:

Fhehom\*mm m & 2° Carbon Metabolites > C arbon
Sequestration

Long-term Carbon Sequestration _J

Phytoremediation

Understand allocation and partitioning of photosynthates (carbon).

Understand roles of Aux/IAA and ARFs in determining architecture of plant (root).

Identify genes/QTLs controlling root phenolics (residence time).

Identify accelerated domestication genes (drought resistance).
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Populus as an Large-scale

Sequencing Example
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Case Study:
— @ | Auxin Response Factors

Arabidopsis — 23 genes
Populus — 40 genes

Arabidopsis-specific

Populus-specific [

Activator domain .
13:5 Populus: Arabidopsis
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90-day- oId Populus cuttlngs _
Eag -7 Enhanced radial growth of

IAA16.3 transgenics Vvs.
controls

Bl transgenic

M control

stem cross sectional area (cm)
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Biomass/Biofuels Metagenome

20

15

5-year old tree

Host Genome [Completed]

Symbiotes — Laccaria and Glomus [On-
going]

Pathogens — Melampsora and Septoria
[On-going & Proposed]

Leaf Endophytes — Anonymous
Communities [TBD]

Stem Endophytes — Anonymous
Communities [Initiated]

Rhizosphere — Anonymous Communities
[TBD]
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® The Laboratory Science
Program will facilitate inter-
laboratory science projects
involving small scale and
large multi-institution
sequencing efforts

® A genomics-based systems
biology approaches to DOE
relevant missions will
accelerate the development
of new sources of energy
and chemical feedstocks

20 5 year old tree

* Narrow confined crown with minimum branching  « Large trunk
» more efficient photosynthesis « Greater carbon allocation
* Reduced height * Less extensive root system
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30x30 Workshop | i susine vin sonas oy 200

| Registration | Lodging | Cc
Supporting Documents
Pre-Meeting Materials

Bilion Ton Study (PDF, & MB)
Biomass to Biofuels
OBP Multi Year Program Plan 2007 - 2012 (PDF, 6.73 MB)

# 2% 1S, Department of Energy

4.4 ; Energy Efficiency and Renewable Energy Designed, built and managed
" Bringing you 8 srospeoas fule whers enargy i dlonn, stundant, relatie, and sfordable by BCS IMC.

FYO7 requests —
$4.5M Regional Feedstock Partnerships

$5.5 M Feedstock Infrastructure Development

http://www1l.eere.energy.gov/biomass/pdfs/mypp.pdf



